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ABSTRACT

"*rhe study discussed in this report is exploratory. It was under-

taken to (1) determine the effects which age, lighting and the

duration of near vision tasks have on visual accommodation; and

(2) obtain vision data which could be applied to improve aircrew

utilization and crew station design. The results indicatel the

ability to focus the eyes at infinity fol.lcwing the performance

of near vision tasks decreases with age; and eye focussing tine

is related to the duration of the near vision task, and with
.1

some exceptions, increases with increase in near vision task time.
-.J

. Further study, utilizing larger sample sizes, is re*tuired to
p-

a verify these preliminary conclusions and expand their usefulness

to crev station designers.
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1.0 SUMMARY AUD REC05MM7:1DATIO.:JS

Insutficient emphasis has been given to the effects of

age on the visual and operational performance of aircraft pilots.

Vision researchers and aircraft designers have been, to some

extent, aware of the depreciating clarity of near vision with

advancing age, but have not thoroughly determined its effects on

a pilot's operational performance.

Whetaer operating under instrument or visual rules of

flight, pilots spend much of their time monitoring flight deck

instruments which are in a near vision ran'ge. The similarity

and inseparableness of many near and distant visual tasks per-

z formed during flight underline the need for understanding the

"a interrelatedness of near and distant vision capabilities. The

near-distance vision relationshins discovered as a result of this
0

study suggest re-aprraizal of some accepted crew utilization con-

cepts and crew systems '^sign philosophies.

This study was undertaken to (1) investigate the

effect of aje on time required to change the focus of the eyes

in acquiring an achievable quality of ",ision at visual infinity

following performance of near vision tasks, and (2) obtain vision

data which could be applied to improve airc:ew utilization and

crew ztation design. The key parameters Investigated are traCe-

able to alrcr~ft pilots' in-flight habits for intermittent

monitoring of flight deck instrunentation -under varying ambient

illumination levels and time durations.

SHEET 6 j
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The test equipment and experimental plan used during

the study were carefully struc'ured to ensure obtaining valid

and operati ýnally useful data.

Fi&ure 1 illustrates the experimental approach. The

selected parameters were kept as close as possible to real life

operational conditions including varying pilot ages, external

ambient lighting levels, near vision ranges, and near vision

task times.

In the study, seven groups, each consisting of five

- subjecta, were used; group ages ranged from 20 to 55 years. Two
z
0
0 ambient illumination conditions aD=•rximated levels of solar and

Slunar illumination incident at sea level. Near vision ranges
4

. within the flight deck were simulated by 13- and 26-inch near

vision distances.' Pilots' intra-flight deck near vision tasks

were represented by randomly presented'task times of 30, 60, 120,
0Sand 240 seconds.

The sensitivity required to obtain accurate measurenents

of eye focussing time was provided by a LASER Optometer which

consisted of the reflected =.age of a low powered gas LASER onto

a slowly rotating drum. Subject view of the LASER image provided

subjectIve awareness of the accuracy of the focus of his eyes;

the LASER image appeared to scatter randomly when it was in

focus, or flow in a definable direction when it was out of focus.

Using the LASER Ontometer according to the approach

described in Figure 1, data collection was completed in accord

wid-t the folio-aing inztruction5 given tc each s";t -- ''

SHEET T
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(a) Look at the LASER and indicate when accurate focus

is obtained;

(b) Read the printed material aloud at near;

(c) Att the end of the reading period, look immediately

at the LASEP image;

(d) Press a button when the LASER image appears

focussed (button stopped a time clock which was

started at the end of the reading).

(e) Look at a screen beycnd the LASER continuously

until instructed to repeat (a) above.
0

-j

Analysis of the data collected according to the afore-.

z mentioned trocedures revealed the folloving:

So The ability to focus the eyes at infinity following

near use decreases with age. Decrease in focussing

capability becomes apparent after age 35 and continues

until later life; a 50-year old requires approximately

three times more time t- focus than a 25-year old.

0 Regardless of the illumination level, eye focussing

time is related to the length of the near task time

and, with some exceptions, increases with increase

of near task time. This relationship is most notice-

able under low ambient illumination.

o Illumination level affects eye focussing time. Gener-

ally, longer eye fo:ussing times "were required under

SHEET d
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low ambient, illumination levels, being especially

pronounced for age grouts older than 35 years.

These results are operationally significant to crew

station design and utilization of flight personnel becaase they

indicate older pilots, needing more time to achieve 'adequate

focus at distance, would have a disadvantage .in perfor..ing tasks

requiring rapid, accurate vision. This factor may contribute

to reducing the probability of success in some tactical missions

and could reduce the safety of normal flight opotrations. The

Sresults indicated, following'near point use, some subjects' eyes

Swere out of focu~s by as' much as 0.37 diopter for varying periods

Sof time. This could mean during scme critical flight periods, a4

pilot's vi6ion may be temporarily reduced frcm, for instance,

Snormal vision of 20/20 to 20/25 (slight nearsightedness).

In addition to the aforementioned conclusions, this

study verified the excell!nce of the LASER Optometer as a tool

for evaluating visual behavior. The LASER technique offers, with

some improvements, a method for defining degradation of crew

members' vision resulting from transparency and instrument

characteristi'cs in dioptric a'nd/or distance t-rms.

Using the results of this study as a basis, the folIcw--

ing uses of the LASER Optometer technique are recommenaed:

0 Initiate studies to define the extent to whiih flight

deck transparencies (windshields and canopies) and

instrument charae'teristics affect the extent aný -irq-

tion of visual focus.

US dS~ 945 *!vSHEET 9
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0 Improvise means to define thie operational significance

of visual f'ocus time sa performance.
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2.0 INTRFODUCTIONl

The objective of this study was to emphasize and define

to some extent the importance of an aircraft pilot's age on his

visual capability. Since the ages of military and commercial

pilot- vary from' the early twenties to the sixties, % better

understanding of the dependence of visual performance on age can

.increase the overall effectiveness of operational aircraft systems

through improved selection and utilization of flying persornel and

by providing engineering design criteria to compensate for vitual
0

inadequacies.

Optometrists, ophthalzologists, tndustrial safety

personnel, visio.n researchers, and most persons past forty are

aware of decreases in the eye's focussing ability with advancing

"age. The physiological process of adjusting focus to maintain
0 i

clear and/or comfortable vision is called accommodation. A

decrease in focussing ability (loss of accommodation) can make it

difficult to quickly and comfortably obtain and sustain a desired

quality of vision. The considered significance of this condition

to safe, successful flight operations resulted in initiatic:n of

this study to investigate the effect of age on time required to

achieve ocular focus at visual infinity following use of the

eyes for near vision tasks.

SHEET i1
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3.0 METHOD ' 0 -)

The experimental approach used during this study is

shown in Figure 1. The approach required a systematic evaluation

of the effects of age on time required to change the focus of the

eyes by comparing results obtained for each of seven different

age groups under identical test conditions of: (1) two ambient

illumination levels; (2) two near point reading distances; and

(3) four near point reading times.

Prior to implementing the details of the plan, t'o
0

sets of criter'ia which could affect the fidelity of the results

":had to be satisfied. These :riteria Dertained to:

zSo Test equipment

o Subjects

0

3.1 TEST EQU:PMZNTT

Test equipment used in this study ccnsistedt of (1) a

lov-po:ered gas LASER and accessory equipment; (2) near point

stimulus material; (3) two time clocks;, (4) subject control booth

and accessories,; (5) trial frame and trial lens sets; and (6) ex-

perimenter's control station (Figure 2).

All the equipment, except the LASER and accessories,

were simple and routine.

The use of LAS,-Ps % optcneters !ntrunentq for

measuring the refractive state of the eye) did not originate with

SHEET 12
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this study, even though the application to study accommodation

as expressed in this report is uriiue. Objectives of earlier

studies were to investigate the use of the LASER Cptometer az a

technique for determining the extent of ametropia (nearsighted-

ness, farsightedness, astigmatism) and as an aid in the fitting

(8.1)of eyeglasses. Knoll , in explaining the appearancp of the

LASER image when used as an optometer, adequately su.marized

Gro(8:2) (8.3)
descriptiont given by Rigdon and Gordon• , and Oliver

as *yell as his own with the following statement which offers, for

purposes of this report, as good a description of the appearance

'0
.j of the LASER image as any.

"Rigdon and Gordon and Oliver have explained
the app-arance of the Pattern. When coherent light

A* from the LASER hits a surface, it becomes scattered
ana produces real images of raninmly changing
interference patterns in front cf the scattering

"IL surface ar ' sizrilar virtual images behind the sur-
face. The particular pattern seen is determined

o by the point in space that is conj'lgate to the
w observer's retinai Moreover, when the observer

moves his head laterally, the pattern appears to
move in the same direction as his head if the
retinal conjugate lies behind the scattering sur-
face, and opposite to his head movement if the
conjugate is in front of the surface. Len3e's
placed before the observer's eye can eliminate
this a~parent movement o-: the '.ASER pattern and
can thereby neutralize any ametrcpia of the eye
with respect to the scattering surface.

"Scme observers have difficulty seeing the
motion of the pattern while moving their heads.
I have fzund th thiticn can be r.ht re as
seen if tne hezli zt~ t ~nrv-a e sur:'ýe ,
uon ' .... tho sA- s-ct is r ir s
mo-ed. W Ith a s 17 wI y r s -a t z cY Iiin ir ca sru-
as the surface, the random interference pattern
s wsýe ns t a 5t t hne .ev m-a nd h c its,ýrv e- 'an lad
see the !r!In
bead must be held very still, otherwise the motions
will be compounded and the results confused."

SHEET 15 ,
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"The LAZE?. Optcmeter used in This study consisted of a

diverged beam of a low-powered gas LASER reflected frcm two p!,ano

mirrors onto a rotating drum.

Speed of the drum and size of the image were fixed to

allow easy v iewing. The most satisfactory drum speed and image

size were determined through preliminary testing.

When viewed frcu: a distance, the LASER image was easy

to observe. It scattered randomly if the eyes were adequately

focussed; or flowed in scme definite directio' (left, right, up,

down, cr diagonally) if the viewer's eyes were inadequately

o focus3ed. The characteristics of the LASER image could be clearly

identified and res;onded to with confidence.

4

I-

"3.? SUBJECTS3 3°

0
The thirty-five sublects used in this study demonstrated

the ability to easily discern (1) the "random scattering"

appearance ol the LASER image whe., with cr without corrective

lenses, the eyes were adequately focussed as required, and (2) the

"flowing or streaming" movement when the eyes were inadequately

focussed. The thirty-five subjects were selected from among tLe

more than 50 screened.

Clinical optometric procedures were utilized during

the subject selection process to identify the subjects' ametronia

(ocular refractive state) and ease of binocular cocrdination, and

io mnir. mie the extent cf their infl1uence G% visuaI performa.nce.

SHEET
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Subjects were screened optometrically to determine the (1) nature

and magnitude of the refractive error, (2) amplitude of accommo-

dation, and (3) quality of binocular :oordination. Prospective

subjects manifesting more than 3._0 diopters of astigmatism

(regardless of axis) or gross binocular coordination difficulties

(over convergence, under convergence, vertical unparallelism,

suppression) were eliminatcd because of the possible unwanted

influences these conditions may have on eye focussing time.

Only three subjects manifested astigmatism in excess of 1.25

diopters.z h
0

The thirty-five subjects were divided into seven

I equal groups. Group ages varied from the youngest of 20-25

. years of age to the oldest, 50 to 55. All subjects were male.

Since it is a generally accepted fact that eye focus-..
Ssing ability declines with age, selecting groups by age was
0

V• equated to selecting groups according to eye focussing ability.

Figure 3 demonstrates how eye focussing ability declined with

advancing age for -he subjects used. -Table I lists the lens

correct.ions required for best visual acuity and for obtaining

randomly scat'tered non-directional LASER image movement

(adequate focus of the eyes). :1

SHEET 2
$, .



77:Z7. zI -.

NUMBER D1 6 2-10373-lTN

REV LTR

3.3 EXPEY.I'IENTAL PPOCEDURF

With the equipment aLd subject criteria satisfied, the

procedures listed below were used to study the conditions described

in Figure 1.

1) The purpose of the study was explained to each

subject before the start of the test.

2) Each subject 4as seated in the subject control booth

with chin in chin rest and fitted with an American

Optical Trial Frame and the corrective lenses
0

required to obtain adequate focus of the LASER

4image located 20 feet (visual infinity) away; ade-

' quate focus was obtained for monocular and binocular

conditions.

3) Subjects were instructed in the appeararce of

mavarious inadequately focussed LASER images. This

was done by adding at different times at least each

of four lenses (+0.25, -0.25, +0.37, -0.37) to the

lens corrections of the left and right eye during

monocular and binocular observance of the LASER

image.

4) While wearing the lens correction which proviled

adequate focus, further instructions were:

a) Observe the LASER imuage until ordered to read

aloud pre-selectee. zr~ntei materials n~resent"

at the near point and continue until advised to

SHEET i"
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b) At the command "stop", look again continuously

at the LASER image as long as any of the

inadequate focus appearances illustrated with

lenses in 3) above persist.

c) Press a hand-held button as soon as the LASER

image appears adequately focussed.

d) Look immediately at a homogeneous screen

located behind the LASER image and maintain this

point of gaze until instructed to look again at

the LASER.

0J e) Maintain adequate focus until ordered to read.

5)' Two time clocks were used; the starting and stopping

of one was under the exclusive control of the experi-

menter and was used to measure the duration of sub-

ject's near point reading periods. The second clock
0

w was controlled by both experimenter and subject; it

was started by the experimenter at the end of the

subject's reading time (start of LASER image observa-

tion) and stopped by the subject when the LASER image

first appeared adequately focussed.

6) The elapsed time between the start of the second

clock by the experimenter and its stopping by the

subject provided a measure of the time required to.

focus the eyes foliowing near toint usage.

These, procedures were folln-wed for each of the seven

gro ps ,f ihJectn a:i ofc ,..t .'nj s :r ' Figure 1 'hjch i iŽ:

SHEET
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two ambient illumination levels, two near point reading disfances

(13", 26") and four near point reading times (30 'sec., 60 sec.,

120 sec., 240 sec.).

--'

I- 
•

CLN
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4.o RESULTS

Tables 2 and 3 are tabulations of raw data collected

during the study. Results of statistical analysis of the raw data

are shown in Tables 4, 5, 6, and 7. See Appendix, Paragraphs 9.1

and 9.2. The data plots illustrated in Figures 4 through 11

express, almost in all cases, a large degree of variability which,

to some extent, was expected because of (1) the small sample .ize

and (2) the human vision parameter tested.

The general value and significance of the study can be

easily assessed through a detailed discussion of the data plotted

Sin the figures. Even without more sonhisticated tests of

statistical significance, plots of the means and standard deviations

as illustrated in Figures 4 through 11 and Tables 4 through T
C.

Sallow self-explanatory reader assessment of the significance off

Uj the findings. The figures allow the following salient comparisons;

o The effects of the duration of near vision task

time on eye focussing tine under low illunination.

Variables include seven different age groups at near

work distances of 13 and 26 inches (Figures 4 and 5)

o The effects of the length of near vision task time

on eye focussing time under high illumination.

Variables include seven different age groups at

near wo-k distances of 13 and 26 inches (Figures 6

and 7).

SHEET ', ;¶
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o The effects of age on eye focussing time at two

illumination levels for near vision task distances

of 13 and 26 inches (Figures 8 and 9). .

o The effects of age on eye focussing time at two

illumination levels f:r an averaged (13 and 26

inches) near vision task distance (Figure 10+.

o The effects of age on eye focussing time for near

vision task distances of 13 and 26 inches at an

averaged illumination level (Figure 11).
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5.0 DISCUSSION

Obviously, the raw data summarized in Tables 2 and 3

permitted many other treatments in addition to the ones listed

in Section 4.0. However, the summary included in this section

expresses the significance of the key study findings.

"EFF FCTS CT uT! DURATON OF NEAR VISION TASK TI:4E 0ON EAYE FOCUSSING
TIME L':::ER LZ7 3',U;::;A...N

0 Time required to focus the eyes following near task times

of 30 sec., 60 sec., 120 sec., and 2,40 sec. were averaged for each

X of the seven age groups at near vision task distances o-f 13 (Figure

4) and 26 inches (Figure 5) under a low illumination setting.

Figures 4 and 5 show eye focussing time increases with increase in

near vision task time. This was true for all near vision task
In

times except the 60-second one. A comparison of eye focussing times

for the 30-second and 60-second near vision task5 for each of the

seven different %ge groups indicated that in only three cases were

eye focussing times for the 60-second near vision task higher than'

that for the 30-second one. However, eye focussing times for the

120-second and 2LC-second near work times were higher than the

30-second time for all cases in the seven groups ccmpared except

two. These findings indicate an almost direct relationship

between near vision task time and eye focussing'time; in general,

t.. eye. rnrnorý, time rto : nceJ i rear yIcrk of 2

minutes or more than for near work time increments less than a

SHEET 34t
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minute.

Since closer near vision task distances and longer near

vision task times wer- expected to tax accommodation more than

shorter near vision task distances. and times under identical test

conditions, longer eye focussing times were expected for the near

vision tasks which were =loser and of longer durations. Longer

eye focussing times were expected for the 13-inch, 60-Second near

vision task than for the 13-inch, 30-second task. Likewise, longer

eye focussing times were expected for the 26-inch, 60-second task

3 than for the 26-inch, 30-second task. However, these expectations
0S were not substantiated by comparisons of eye focussing times for

the low illumination 13-inch, 30-second and 60-second tasks

(Figure 4) and 26-inch, 30-second and 60-second tasks (Figure 5).

SCompare results in Figures 4 and 5. It is interesting to note

the 13-inch, 60-second and the 26-inch, 60-second eye focussing
0

tines for the 46-50 and 51-55 age groups were consistently

longer than the 13-inch, 30-second and 26-inch, 30-second tasks

for the same groups. The opposite was almost totally t-ue for the

two youngest age groups (20-25, 26-30).

The variability of the data in Figures 4 and 5 suggests

(1) near vision task distances and times affect eye focussing times

least for the 20-30 year olds and (2) particularly, near vision

task times less than I minute affect eye focussing times less for

the 20-25 and 26-30 year age groups than for t.he 45-50 and 51-55

age groups.

SHEET
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EFFECTS 07 TýE "UATC" Of F NA? VISION TASK TI"E ON EYE FOCUsS:'IG

The duration of near vision tasks has a direct effect on

eye focussing times at high levels of il.Qmination (Figures 6 and

7). This is truer for the 20-25 and 26-30 year age groups than

all the others at both the 13-inch and 26-inch near visie" task

distances. For both of these groups increase in eye focussing

time is directly related to the duration of the near vision task.

time. Greater variability is expressed for the older groups (31

_J and above). Eye foc~ssing tine for all age groups is lor'ger for

- the 13-inch, 2140-second near visio:% task time than the 2.3-inch,

S 30-second period, except o Ine. However, for the 26-inch distance,

S eye focussing time for the 240-second near vision task is longer

S than the 30-second period five out of seven times.

0

S EFFECTS OF A37 011 EYE FOCUSSING TIl'E AT TWO 'ILLU!4IAT.!ION LEVELS
FO? 13- I,:,CH AND T -27- 1i CH _:;SAR -ISC,,N TrASK :S7.:ATCZS

Figures 8 and 9 illustrate the effects of age on eye

focussing tire fe7 13- and 26-inch near vision task distances.

The data are *plc-,-ed for high and low ambient illumination set-

tings. The plot's represent the mean of the focussing times obtained

for all (30 sec., 60 sec., 120 sec., and 240 sec.) near vision

task times for the five subjects in each grcu;.

Figures 8 and 9 indicate eye focussing time is direct"7y

i a:fected by age. The effects of~ age ar~e more prot,(-unced aL the

SHEET 36

us 4031t41 #A I V #-I!.



V7

NUMBER D162-10378-1 T:

AV .REV LTR

low ambient illumination setting for the 13-inch and 26-inch near

vision task distances. Eye focussing times at the low ambient

illumination setting were appreciably shorter than eye focussing

times at the high illumination setting for the 26-30, 31-35, and

41-l5 year age 'groups (Figures 8 and 9). Illumination level

affected eye focussing times most for age groups older than 35

years. Eye focussing times were especially higher at the low

illumination level for the h6-50 and 51-55 year age groups.

EFFECTS OF -AGE ON EYE FOCUSS•N.. T-•IE AT TWO 1'-LUMI-TATIO:N LEVELS
z FOR AN AVE;A3ED :NR77' V:S•:: T-A3K 1:STA:;NE

w 4
0

* Each 'group's performance at the 13-inch and 26-inch

near vision task distances were combined to obtain the plots shown

in Figure 10. The plots repr.sent mean performance for the lo-w

and high ambient illumination conditions.ku

As expected, shape of the curves for high and low ambient

illumination conditions are quite similar to those in Figures 8 and

9.

CFS AG , ON E T:MI "O? 13- AND 26-INC! TVEA?
:~:N:ASK '~::cs~A~A;?3-E-D LU:1:2 L

Figure 11 shows the effect of agp on eye focussing tine'

for 1.3- and 26-inch near vision task distances. Each plot cn the

curve wao obtained by averaging the mean performance for the low

a•!.i igh iL-'.ination "ve •
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At both near vision task distances, eye focussing time.

increases from anp.oximately 4.0 seconds for the 20-25 year

age group to above 13 seconds for the 50-55 year age group..

-j
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6.0 CCNCLUSiONS

This study verified the excellence of the LASER Cpto-

meter as a sensitive tool for studying visual accozmmodation.

Variability expressed in the data is considered a reflection of

the parameter studied (visual accommodaticn) and the sample

size rather than the technique used. Throughout the study,

almost without exception, the response of each subject to the

LASER Optometer technique was one of comprehensicn and certainty.

-J Beside the verification of the usefulness of the LASER.
0

Optometer technique to study human visual behavior, other salient

conclusions which can affect crew utilizatior in aircraft systems
Z

wrere reached.

The objective of the study summarized in this rerort and

Sreflected in the conclusions was to acquire vision data which
0

could be useful in improvi.ng aircrew utilization. Consequently,

the key parameters investigated are traceable to aircraft pilot's

inflight habits for monitoring flight deck instrumentation under

varying ambient illunination levels and tine duraticns.

The following general conclusions were reached:

o The ability to focus the eyes at infinity followf 3• "

near work decreases with age. Decrease in focussing

capability becomes apparent after age 35 and continues

until later life; a 50-year old requires approxi-

mately three times longer to focus than a 25-year

old.

SHEET 3.
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o Regardless of the illuminaticm level, eye fccussing

time is related to the duration of the near vision

task which, with scme exceptions, increases with

increase of near vision task time. This relation-

ship is' most ncticeable under low ambient illumin~a-

tion.-

o Illumination level affects eye focussing time.

Generally, longer eye focussing times were required

under low ambient illumination levels, being

especially pronounced for age groups older than 35
0
_j years.

I.

z Because the results and concl.usions of this study are

• stated in terms of comparative eye focussin~g times, an explana-

tion of the operaticna2l significance of the conclusions is

presented within the context of the following questicn:

What is the operational significance of a 50-year
old pilot requiring,', when ccmrared to a 25-year
old, three times lcnger to focus at distanýce
following four =inutes or less of near vision
tasks (intra-flight deck)?

To determine the creraticnal significance of the eye

focussing time measure, it is important to know the pcirt of

focus before adequate focus is obtained. This requires a dioptric

measure of ocular refractive state, or a diztance .easure of the

point of inadequate focus (point other tl'n LASER image). How-

ever, from the beginnl:., nL plans were =,aýe to strain dlopri.

SHEET 4o
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or distance measures at inadequatetocus. PFortunatelly, dioptr4

value estimates can be obtained from the results of a sub-study

which was undertaken to determine whether a subject's dominant

eye was more sensitive'than the non-dominant eye to positive

and negative stimulations to accommodation during binocular view-

ing. This sub-study was an extension of the subject's LASER.

image familiarization train!ng (See Section 3.3).

The role of eye dominance in ocular response to lens

stimuli to accommodation was determined for each subject wearing

his correction which provided adequate focus of the LASER image
0

(Tables 8 through 14). See Appendix, Paragraph 9.3. With the

correction for best viewing (adequate focus) of the LASER image

in place, low power plus and minus spherical lenses (+0.25, +0.37)

were alternately presented before the dominant and non-dominant

eye to determine the minimum lens power required to elicit
0

subject awareness of inadequate focus.

The lens power required to elicit just noticeable

inadequate focus varied from +0.25 to +0.37 of a diopter in most

suijects (See Tables 8 through 14). Operationally, these values

suggest the subject's eyes, depending on age, were out oa focus

by as much as .37 of a diopter following near vision use. Older

pilots, needing more time to achieve adequate focus at distance,

would be greatly disadvantaged in performing tasks requiring

rapid, acute sight.

The extent towhich this factor has been responsible in

military aviation for scrubbed or unsuccessful tactical missons

isunknovn.
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T.0 RECOMMENDATIONS

To a large extent, thiL study verified:

"o The usefulness of the LASER Optometer as a tool for

studying human visual behavior; and

"o The stated hypothesis: The time required to focus

to visual infinity following near vision tasks of

four minutes or less is generally longer for persons

older than 35 years of age than those younger, A

z especially at low illumination levels.
, The LASER technique offers, with some improvisation,

2 a method for defining maximum levels of inadequate focus result-
z

ing from transparency (windshields and canopies) and instrument

characteristics in dioptric and/or distance terms.

0

ILf

With the confidence gained from this study, the follow-

ing uses of the LASER Optometer technique are recommended:

0 Initiate studies to define the extent to which

flight deck transparencies (windshields and

canopies) affect crew performance, particularly

during the target acquisition and attack portions

of missions.

o Improvise means to define the operational signifi-

cance of visual focus time on crew performance.

o Establish design criteria to Imrrove crew visual

efficiency.

SHEET 42



NUMBER D162-10378-1 TN
REV LTR

8.0 REFERENCES

1. Hennessy, R. T., and Leibowitz, H. W. "Subjective Measurement
of Accommodation With Laser Light." Journal of the Ootical
Societv of America, 1970, 60, 1700-1701

2. Hennessy, R. T. and Leibowitz, H. W.- "The Effect of a
Peor pheral Stimulus on Accommodation." Perception and
Psychophysics, 1971, 10, 129-132.

3. Knoll, H. A. "Measuring Ametropia with a Gas LASER",
"Amerinan 1onu~nl nf Onpw'rp"r-_ Vol. 43, No. 7: 415-418, 1966.

4. Oliver, G. M. "Sparkling Spots and Random Diffractions,"
Proceedings of Institute Electrical and Electronic Engineers,
51: 220-221, 1963,

5. Rigdon, J. D., and Gordon, E. J. "The Granularity of
Scattered Optical LASER Light," Proceedings of Institute
Radio Engineers, 59: 2367-2368, 1962.

SHEET, 4.3"•' '.

0140 440 1 7 5



NUMBER D1.62-103T3-:' r'
REV LTR

9.0 APPENIDIX

9.1 RAW DATA -PRIMARY STUDY

Table3-2 and 3 are compilations of 'raw data obtained for

each subject for the 13- and 26-inch near vision task dis-tanc~es.

41
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9.2 SUMX..ARY OF STATISTICAL RESULTS

Tables 4, 5, 6 qnd 7 are summaries of statistical results

obtained for the conditions identified.

It will be noted in this summary of data on accommodation

time that the standard deviation is sometimes larger than the mean.

This is apparent as accommodation time increases with age. The

reason for this is that the distributions *are not normal, but

Spositively skewed with some very long accommodation times for the

0
i j older subjects. In this situation, the mean will be an inflated

Sestimate of the central tendency. However, several potential

z subjects were dropped from the upper age levels because of advanced

3D presbyopia which prevented them from performing the near task.

(It was not practical to provide special bifocal lenses for subjects.)
0

Those that were dropped might be expected to take longer to change

accommodation. In auy case, if some other measure of central

tendency is desired (e.g., median or harmonic mean), this can be

computed from the raw data provided in a separate appendix.
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Table 4

Hi Illumination Lo Illumination Both

SubJect Aze X a X a EX EX2:._"

1 22 2.42 0.24 4.06 2.43 25.92 102.81

2 22 2.67 0.69 4.09 2.29 2T.03 108.25

3 24 2.45 0.57 2.20 0.46 18.61 44.62"f

4 24 5.17 2.07 6.51 1.19 l6.73 289.37

5 25 5.26 1.25 4.65 0.85 39.65 202.41

157.94- 747.46
X • 3.95

________ ______ a =1.80

6 26 3.10 0.32 3.47 1.14 26.29 39.81

T 27 3.68 1.22 5.41 1.17 36.38 17T.79

8 28 2.2T 1.19 3.91, 0.68 24.T2 85.98
zo 9 29 3.93 1.4T 6.06 4.,6 39.85 261.38

10 30 2.17 0.67 2.90 0.95 20.28 55.51

147 670.4T

xu 3.69
_a ___1.82

11 31 7.00 1.93 5.90 1.21 51.60 346.90

12 31 2.61 2.09 2.65 0.79 21.03 66.'3

13 31 9.86 3.54 6.71 7.04 66.30 708.97
"14. 32 3.08 0.52 3.60 0.27 26.74 90.69

15 32 1.54 0.51 1.85 1.25 13.58 27.35

179.25 1240.44

cm 4.48

a__ 3.39

16 38 2.03 O.40 2.69 1.07 18.89 43.42

IT 39 2.79 1.92 3.28 1.12 24.28 85.26

18 39 6.50 4.41 6.23 2.67 50.93 384.12

19 40 19.45 11.45 34.78 11.78 216.94 6960.49

20 4o 3.33 0 .9 2.82 1.13 24.57 6g.62

335.61 7557.91

X" 8.30

Summary of Statistical Pesuta 4or the 13-inch Near Vision Task
Distance, Two Different rll>ilnation Levels and an Averaged

Ut ~tttAI 4E. 945SHEET 50
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Table 14 (Contd)

Hi Illumination Lo If.1.umination Both

Subject Age " a X a X aX 2

21 ,,1 2.214 0.43 2.30 0.59 18.13 41.59

22 141 3.38 0.70 6.39 3.53 38.30 228.33

23 144 8.148 2.59 6.63 0.94 60.143 1480.33I ,

214 145 9.7T4 4.36 18.96 11.88 1114.83 2178.96

25 145 21.66 21.69 6.35 14.91 112.03 3349.77

343.72 6078.98
Xx 8.59

,__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ = 9.07

26 147 1.85 0.21 1.55 0.71 114.80 28.62

27 149 2.47 1.4T7 2.21 1.25 18.73 52.36

28 50 14.16 0.147 10.140 11.41 58.24 795.19 k

0x 29 50 23.67 7.07 22.49 13.142 184.61 4780.147

S30 50 12.13 6,31 50.00 44.00 214853 15034-35

" 15214.91 2o690o.'9

A - 13.12

___"__a19.05 I
S31 51 9.26 14.87 13.65 13.87 91.64 1574.25

32 .51 4.98 1.56 10.33 7.6o 61.24 663.87
S 2 .5 7.•i 141.96 114.25 201.94 7916.26

34 53 7.81 2.94 24.13 8.10 ' 127.75 2739.98

35 53 3.21 0.61 10.19 7.52 53.61 5P3'.35

536.18 13479-21

. 13'..40

TOTALS *2225.31 5C465.1p6 •
7" 7.95

SHEET 51
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Table 5

Hi Illumination Lo Illumination Both
Sub,'ect A~e A, E... X2

1 22 2.23 0.22 3.46 2.16 22.78 73.52

2 22 3.44 1.16 4.20 1.83 30.56 128.48

3 2& 3.11 0.86 2.45 0.50 22.25 64.98

4 24 1 5.01 1.62 5.42 2.13 41.71 233.971

5 25 6.15 2.59 4.30 1.65 41.80 .246.72

159-10 752.47

X" 3.98
__ _ _ ___ _ _-_ 1.77'!

6 26 4.62 0."3 3.99 0.94 34.44 152.22

7 2T 3.86 o.54 4.31 1.61 32.70 140.56

8 28 3.26 1.28 3.09 0.39 25.4-1 84.78

9.9 29 3.34 1,16 6.87 3.50 40o85 26o4.0
.A'

* 10 30 1.74 0.13 1.69 0.29 13.75 23.87 •

147.15 665.4T
.X = 3.68

__ _ _ ___ _ __ _,__ _ _ a =- 1.81 :.

11 31. 5.88 2.26 5.30 2.49 46.74 298.52

12 •1 2.18 0.36 2.03 0.30 16.81 35.86
0

S13 31 11.62 3.69 13.29 11.75 99.65 1588.12

14 32 3.52 1.38 3.62 0.54 28.58 107.C7

,15 32 1.26 0.22 1.53 0.45 11.17 16.20

202.95 2045.57

X = 5.07

16 38 2.07 0.59 2.59 1.09 18.64 7 .40 L-

17 39 1.74 0.70 2,10 !.06 15.37 33.42

18 39 10.17 8.43 8.42 4.09 74.37 895.11

19 40 10.73 2.90 3!144 5.36 i68.67 "497.38
20 40 2.98 0.36 4. 1C 4.19 29.65 153. 0 ,,

306.70 5627.303

"T 7.67

Summary of: Statistical Results f-.r tl', 2n-inih :Near 7 i i as Ka

Diýstance-S, Two Differen5I 2 !,-umina e s and an Averaged

s HiE.:r 5• i ~

•.. . .. ,,...,,,•--77777,7 7/7••:??.%:• • . .
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Table 5 (Contd)

Hi illu-..nation -Lo Illumination Both

Subject Aze x x .E dl _X :__:2

21 41 2.40 0.64 2.84 2.22 20.9 67.4o

22 41 6.78 1.30 3.38 1.53 40.63 238.48

23 44 7.90 3.21 5.23 1.49 52.521 387.09

24 145 5.68 2.11 7.91 4'.08 54.36j 426.84

25 45 24.86 20.57 3.93 0.70 11 5 .1 4  3486.56

2 83.-62 16o6.37

7 - 7.09

_ __' = 8.26

26 4T 1.63 0.40 1.90 0.32 14.12 2c 67

27 49 1.54 0.34 2.67 1.84 16.84 45.89

28 50 5.80 1.77 6.86 1.80 50.60 336.63
z
0 29 50 29.72 11.72 30.80 6,5i 242.04 7729.69

30 ,50 1.35 13.01 33.87 7.35 192.87 591.1.3

516.47 14052 .1.9{ X 12.91
____ _a = 13-93

S31 51 7.54 4.59 15.10 18.o4 90.56 1919.0o6

" 32 51 9.45 6.76 8.99 7.T58 73.76 912.76
'. 33 52 7.64 0.66 57.86 45.71 262.03 183-8.43

34 53 9.93 3.81 30.15 17.33 160.30 4'38.25

35 53 3.21 o.61 5.26 1.12 33.85 155.30

620.50 26053.80 S

X = 15.5i
_a = 20.79

TOTALS 2236.1915380 3T-7
Y" = 7.99

C = 1 . 37"

SHEEr 53

us 4802 t 414 * t v .4
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Table 6

Hi Illumination Lo Illumination

Sub. Age rx 2  rx E X 2  
____

1 22 18.61 43.6o .3 0.22 11 30.09 137.3 .7 6 .0I 4.33.73.092.00
2 22 24.43 79.90 3.051 0.93, 33.16 156.83 4.15 1.783!2 2 .2 65.1J2.7 0.22137.
3 24 22.25 65.14 2.78 0.73 18.61 44.46 2.33 0
4 24 40.73 223.03 5.09 1.60 47.Ti 300.31 5.96 1.6!
5 25 4z.67 280.B3 5.71 ' 1.8' 35.7 16e.05 4.471151.69 692.55 3 1 .7I-6, '65.35 80T.38 4.13 1 .8CO

6 26 3C.89 -'25.23 3.86 0.9.9 29.84 116.75 3.73 0.94
7 27 30.20 118.07 3.78 0.81 36.88 200.28 4.86 1.3-

.8 28 22.14 70.09 2.77 1.20 27.99 !00.67 3.50 0.67

z 9 29 29.00 113.65 3.63 1.!S 51.70, 411.77 6.46.
30 15.67 32.. 2 i.96 0.48 1.36 47.26 2.30 C.9!'

31127.90 459.21 3.20 1.15 166.77 576.73 4.2j 2.18
11
11 31 51.52 354.16 6.44 1.91 L6.52 291.26 5.85 i.62

w,• 2 31 19.14 56.29 2.39 1-.31 13.70 46.10 2.34 0.62
S13 31 85.96 988.70 10.75 '3.26 79.99 130,8.39 10.00 9.1:
o 14 32 26.43 92.61 3.30 0.93 25..9 105.15 3.61 0.3

15 32 11 .23 16.61 1.40 0.37 13.52 27.04 1.69 C c. 8
194.28 1508.37 4.86 3.85 187.92 1777.94 4.70 4.55

16 38 -6.41 34.80 2.05 0.43 21.12 61.02 2.64 0.3-
17 39 18.12 5 2 .6 2  2.27 1.37 21.53 66.06 2.69 1.'t
18 39 606.70 786.71 8.34 6.14 58.60 492.52 7.33 3.2:.
19 L0 120.72 2287.62 15.09 8.72 264.99 9170.253"5 •T- .5 3 3 1 3.i ! ,- i
20 40 '25 22 0.81 , 3.15 0.46 29.00 2 3. ...... .?C 3.63 2 ,-7:

247.17 3242.56 6.18 6.72 395.14 99L2.65 9.99 12.9:

Summary of Statistical Results for an Averaged Work Distance

SHEET 54

3 * 1 Irv. 1 4,
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Table 6 (:ontd)

Hi Illumination Lo Ilumiziation

21 41 18.56 44.46 2.32 O.48 ' 2C.U- 64.531 2.57 1.39
22 41 40.64 234.39 5.08' 2.14 18.29 232.42 4.791 2.83

23 6,.49 57T4.98 8.191 2.52 47.461 29'.4 .

24 45 61.73 56,1.66 7.711 3.7- 107T.91 20144.14 13.44 9.90

25 45 1P6.C5 6357.1,, 2?.26-8.21 4.•6121 279.49 5.14 3-

372.44 7773.33 9.31 10.64 25L.901 2912.C2 6.37 5.2

26 47 13.92 24.79 1.714 O.3j 15.00 29.50 1.88 C

27 49 16.o6 39.09 2.CI 1.06i 19.51 59.16 2.L4 1.37.

28 50 39.82 211.09 4.98 1.45( 69.02 920.73 8.63 7.29

29 50 213.53, 6194.06 :2:.691 8.; 2:3.12 6316.101 26.6-4: IC.2'

30 5j105.92 188--.40 13.2£41 C5.'-8 :1?0E4.261 '11.9412.3-57,
389.25 8351.43 9.7310.96 5 2.13 26391.75: 16.30123 3 ..

. I V :•

31 51 67.22 67i.40 S. LI 4.17 1 114.98 2521.91' 14.3741

, 32 i 51 5T.73 567.32 7.22 4.96 17.2- 1009.31' 9.66 6.541:

"_3 52 668.6, 652.42 8.09 h.60 3 9. .25502 . ' 9.1 63:5

-z4 53i 0.9 l 69c.20 8.871 3..1-6 217.11 6T788.03-1 7.1 4 12.cq

35 53 25.67 8o4.0,4 3.21 0.52 6_.79_! 56 .1 7.2 5.11C
286.24 i 2665.38 7.16 4.C3 57^.4L 16867.631 21.76 2:.-:

TOTALS 1768.97 24692.83 6.32 6.97 2692.65 79576.3 9.62 13.9]

SHE~t 55',
US 'P' a~ *?a *~J
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Table 7

Sum All Conditions

13" 26" by Sub•ject

Subj._Age a 7r rC 2

1 22 3.24 1.75 2.85 1.49 148.70 131.33 3.04 1,53

2 22 3.38 1.66 3.82 1.38 57.59 236.73 3.60 1.45

3 24 2.33 0.47 2.78 0.7! 4c.86 109.60 2.55 0.61

IL 24 5.84 1.64 5.21 1.64 38.44 523.34 5.53 1.57

5 25 4.96 0.98 5.23 2.14 81.45 448.93 5.0? 1.51,

23.4 317.04 1499.93 3.96 1.77

6 26 3.29 0.75 14.31 0.80 60.73 2142.03 3.80 0.9:

7 27 4.55 1.42 4.09 1.06 69.08 318.35 4.32 1.20

8 28 3.09 1.25 3.15 0.32 50.13 170.76 3.13 0.99

9 29 4.98 3.20 5.11 3.01 i 50.70 525.42 5.04 2.90

S 30 2.54 0.82 1.72 0.20 3,.0o3 79.38 2.13 0.6:

28.0 294.67 1335.94 3.68 1.7

w 11 31 6.145 1.52 5.84 2.04 98.314 645.42 6.15 1.71

12 31 2.63 1.36 2.10 0.30 37.84 102.39 2.37 0.96

13 31 8.29 5.10 12.46 7.53 i65.95 2297.09 10.37 6.4c

' 14 32 3.34 0.46 3,57 0.90 55.32 197.76 3.46 0.68

15 32 1.70 0.81 1.40 0.34 24.75 43.65 !.:5 0.__

31.4 3,z2.20 3286.31 4.78 '-.313

16 38 2.36 0.79 2.33 0.30 35.53 95.82 2.35 C.7"4

17 39 3.04 1.37 1.92 0.80 3.65 118.68 2.48 1.21

18 39 6.37 3.13 9.30 5.T77 125.30 1279.23 7.T3 3 .&

19 40 27.12 13.26 21.08 12.,40 2385.61 11457.87 24.10 12.414

20 40 3.07 0.52 3.71 2.68 54.22 23.-61 3.3? ..

39.2 642.31 11315.2i 8.03 1- .i,

Su==ry of 2tat3tTa. Reslults -Sm of All Colitions t""

SHEEU I A* 1 o •
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Table, 7 (Contd)

Sum All Conditions
13" 26" by SubJect

ubl. Ace X rX rx_ 2 ____

21 41 2.27 0.29 2.62 1.42 39.10 108.99 2.44 0.98

22 41 4.79 2.71 5.08 2.29 78.93 466.81 4.93 2.35

23 44 7.55 1.97 6.57 2.63 112.95 867.42 7.36 2.23

24 45 14.35 9.31 6.80 3.06 169.19 2605.80 10.57 7.62

25 45 14.,00 16.07 14.39 17.28 227.17 6626.33 14.2.._0 15.7.7

43.,2 627.34 !0685.35 7.84 8.60

26 47 1.85 0.45 1.77 0.35 28.92 54.29 1.81 0.35

27 49 2.34 1.18 2.11 1.31 35.57 98.25 2.22 1.17

28 50 7.28 7.78 6.33 1.65 108.84 1131.82 6.80 5.28

29 50 23.08 9.22 30.26 8.15 426.65 12510.16 26.67 8.9;

w 30 50 31.07 34.55 24.11 14.37 441,40 20943.605 271.59 24.983

z 49.2 1041.38 34743.18 13.02 16.48

S31 51 11.46 9.25 11.32 12.08 :52.20 3493.31 11.39 10.34

32 51 7.66 5.64 9.22 6.16 135.00 1576.63 8.44 5.58

S33 52 25.24 21.45 32.75 39.89 463.97 26244.69 29.00 3o. 16
S34 53 15.97 10.69 20.04 15.79 235.05 7478.23 13.00 12.77

35 53 6.70 6.07' 4.23 1,4o 87.46 740.15 5.!-,7 4.32

52.0 1156.68 39533.01 14.46 17.10

TOTALS 4461.621!34268-93 7.97 11.1c

SHEET 57

U I afl? A 24 N r v
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9.3 RAW DATA - SUBJECTIVE SENSITIVITY TO CHANGES IN OCULAR
FOCUS

Tables 8 through 14 illustrate levels of subjective

avareness to low power spherical lens induced changes in ocular

focus for different age groups.

2
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9.4 LASER OPTOMETER

Although the laser had been used to measure the refractive

state of the eye before, the specific impetus for its application

to the present problem stemmed from a visit of the second author

to the laboratory of R. T. Hennessy anI H. W. Leibowitz at

Pennsylvania State University (see references below). ~

The laser used in this study was a helium-nieon (HeNe)

gas laser with a power rating of one milliwatt. KgNe lasers emit

light in a very narrow spectral band (633 nanometers). -It was

expected that monochromatic light from one end oi the visible

I spectrum might be Associated with a refractive state which would

z S differ from that evidenced in white light. How.ever, resultsl of

tests with the laser optometer were no greater than one eighth

diopter different from the results obtained (by the senior author

who is a qualified optometrist) with standard clinical refraction
0

techniques.

Subjects were provided any correction needed, spherical or

cylindrical, to permit them to perceive random, non-directional

motion in the laser optometer located 20 feet from the subject.

There was no attempt to assure precise accommodation for the near

task or to measure it. Howeveri the subject did have to accommodate

sufficiently to read the printed r-iterial used for the near isk. j
The small (I cm) beam of light was dive vd by a lens in

front of the laser and cast on a drum which rotated at approxThteIv :l

one-si.xth cycle per hour. The laser scintillation pattern is due

to the reflected laser light from the curved surface of the drum.

SHEET 615C AS 2 8 4 5 , I1/1
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In no instant did the subject look directly at the light as it came

from the laser. The laser optometer was constructed so that no

direct viewing of the laser was possible.

It is'important to note that the' laser scintillation

pattern is not a stimulus to accommodation. The light granules in

the scintillation pattern are distinct whether one is accommodated

for the drum or for some other distance. There is some unidirec-

tional flow when the drum is! revolving if the eye is accommodated

for some ocher distance. Because the laser scintillation pattern is

.s not a stimulus to accommodation, the drum was framed by a highz
'0

I contrast target of alternating white and black bars oriented

.4 obliquely. This accommodation target was given its own independent

z

W Another aspect of the appearance of the laser scintillation
I.

S pattern deserves mention. The granules appear larger when seen

S through a small aperture. Thus, under high ambient light where the

pupil of the eye is more constricted, the granules aprear larger

than under low ambient light where the pupil is larger. Subjectively

the task of reporting when the directional motion of the granules

has changed to a random motion is easier when the granules are

larger. Therefore, deciding when this change occurs could be more

difficult under low illumination, with a corresponding increase in

reported accommodation tine.

SHEET 6 7
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